Solar energy is the most abundant renewable energy and it has a great potential for development. There are two ways to transfer solar energy to electricity: photovoltaic power generation (PV) and concentrated solar power (CSP). CSP-PV hybrid system can be fully integrated with the advantages of the two systems to achieve low cost, stable output, and manageable to generate electricity. In this paper, the operation strategy of the CSP-PV system is proposed for parabolic trough CSP system and PV system which are now commercially operated. Genetic algorithm is used to optimize the design of the system and calculate PV-installed capacity, battery capacity, and storage capacity of CSP system, making the system to achieve the lowest cost of electricity generation. The results show that the introduction of the CSP system makes it possible to ensure the stability of the output power of hybrid system when the battery capacity is small, which greatly improves the annual utilization time of the PV and reduces solar abandonment. When the system is optimized by operation characteristics of Spring Equinox, the lowest LCOE is 0.0627 $/kWh, the rated capacity of PV and CSP system are 222.462 MW and 30 MW, respectively, and the capacity of heat storage and battery are 356.562 MWh and 14.687 MWh. When the system is optimized by the operation characteristics of the whole year, the lowest LCOE is 0.0555 $/kWh, the rated capacity of PV and CSP system are 242.954 MW and 30 MW, respectively, and the capacity of heat storage and battery are 136.059 MWh and 8.977 MWh. The comparison shows that the power generation curves of the hybrid system are similar in the two optimization-based methods-Spring Equinox based and annual based, but LCOE is lower when optimized by the annual operation characteristic, and the annual utilization rate of the system is higher when optimized by Spring Equinox based.
Introduction
Climate change and the scarcity of natural resources make the world to look for a cleaner and more efficient way to use energy to meet the growing energy needs. At present, renewable energy has a great potential and developed rapidly, and it will occupy an important share of future energy structure [1] . However, the major shortcomings of renewable energy are that their variability and intermittency can cause frequent imbalances and serious problems with the grid. The researchers have suggested that different strategies can be used to improve the safety and quality of energy supply, such as the use of more flexible thermal power plants [2] , the introduction of appropriate energy storage equipment, and the use of multicomplementary strategy [3] . Solar energy is one of the most abundant renewable resources; solar radiation to reach the Earth's surface is 1800 times as the world's primary energy consumption [4] . There are two ways to convert solar energy into electricity: solar photovoltaic power generation and concentrated solar power [5] . The development of solar photovoltaic power generation is fast, and the ratio of installed solar photovoltaic will reach 16% of the global energy consumption [6] . The power generation costs of photovoltaic systems is relatively lower because of the low price of PV modules, and it can also be achieved grid parity in the absence of any market incentives [6] . However, the high price of photovoltaic energy storage system obstacles the further large-scale application of photovoltaic systems. Many scholars have focused on the concentrated solar power in the recent years; due to that, solar thermal system can be combined with the thermal storage system, so that the solar power plant can meet the requirements of grid operation and the peak load after the sun can still be deployed [7] . But due to the slow development of technology, the cost of solar thermal system is decreased lower than the solar photovoltaic system [8] . In this context, PV system and CSP system were initially considered to be competitors, but they are complementary in fact. The combination of the two technologies is increasingly concerned. PV-CSP hybrid system is a viable way to generate power, and it can meet the local electricity demand and cost less than a single concentrated solar power [9] . The combination of solar photovoltaic power and solar thermal power can improve the capacity factor of the system and can be dispatched to meet the load demand of peak period [10] . The photovoltaic power is rich and cheap to meet the power load during the day; the peak load in the night will be met by solar thermal power system with storage. Then the stability and schedulability of the system can be ensured at low cost.
At present, a CSP-PV hybrid power system is being built in Ottana of Italy, the system is comprised of a 600 kW linear Fresnel concentrated solar power with 15 MWh heat storage and a 400 kW photovoltaic system with 430 kWh battery. Cocco et al. contrasted the two hybrid ways of the system, which are partially integrated and full-integrated, and found that the annual power generation and annual operating hours of the system on full-integrated were higher [11] . Cau et al. optimized the system's operational strategy by meteorological condition to maximize the annual power generation of the system while meeting the energy conservation and the minimum climbing time [12] .
The CSP-PV hybrid system on the Atacama Desert in Chile coupled 20 MW photovoltaic solar system and solar tower power system with 300 MWh storage; the cost of power generation is lower than CSP-alone power system but higher than photovoltaic power system. The levelized cost of electricity (LCOE) in 2014 is 14.69 US cent/kWh and 13.88 cent/kWh, respectively, based on Bluemap and Roadmap [9] . Capacity factor of typical intermittent energy is about 20%−40%, this system can reach about 90% [12] . Green et al. proposed an operation with priority on the basis of this system; the priority of the output power is 50 MW, 100 MW, and 130 MW [13] . Hlusiak et al. found that the collector has the greatest impact on the total cost, followed by coal prices; impacts of photovoltaic capacity and thermal storage system on the cost of power generation is relatively small; the cost of the CSP-PV hybrid system is 13% cheaper than the stand-alone concentrated solar power system with molten salt heat storage [14] . Bootello et al. divided power generation into three grades: the energy consumption of the tracking system, the energy consumption of the auxiliary equipment of the power plant and power generation connected to grid, and put forward the operation mode of the hybrid power station [15] . Larchet found that CSP-PV hybrid system with coal-fired backup unit has the lowest cost of electricity generation and project capital output. LCOE of this system is 42% and 52% lower than PV-alone system and PV-diesel hybrid system, respectively. CSP-PV hybrid system increased the investment but decrease the emission compared to coal-fired power system [16] . The combination of solar thermal and photovoltaic can provide stable energy and increase the capacity factor of the solar thermal power system. It not only can meet the basic requirement of the energy system but also can provide a low-risk investment option [17] .
The research on CSP-PV hybrid system are mainly focused on the operation strategy and technical-economic analysis. But the research on the optimal configuration of CSP-PV hybrid system considering the operation strategy is few. In this study, the operation strategy of CSP-PV system is proposed for parabolic trough CSP system and PV system which are now commercially operated. Genetic algorithm is innovatively used to optimize the design of system and calculate PV installed capacity, battery capacity, and storage capacity of CSP system, making the system to achieve the lowest cost of electricity generation. The operation strategy proposed in this paper provides a new idea for the design and operation of CSP-PV hybrid power generation system. The optimization method can be used in the preliminary design of power station.
System Description
CSP-PV hybrid power system is composed of concentrated solar power system and photovoltaic system as shown in Figure 1 . The upper dashed line box is the photovoltaic power generation subsystem, and the lower dashed box is the concentrated solar power subsystem. The PV power generation system includes PV array, inverter subsystem, and electronic storage system. The PV array consists of a number of subarrays, each of which consists of 20 PV modules with a rated power of 250 W. Each PV subarray is connected to the inverter to ensure that the DC will be converted into AC. At the same time, each inverter is equipped with a maximum power point tracking (MPPT) device to ensure that the photovoltaic subarray can run at the maximum power point. The PV modules are placed south and have a certain tilt angle, which maximizes the annual generation of photovoltaic power generation systems. The PV power generation technology is mature and the system is simple and has flexible layout and low operating costs. However, solar energy resources are fluctuating and intermittent, which makes the output power of photovoltaic power unstable, and it will have great impact on the power grid to a certain extent. To improve the stability of photovoltaic power output, the batteries are configurated.
The CSP system consists of trough collector subsystem, two tanks thermal storage subsystem, and power block subsystem. Heat transfer oil is used as heat transfer fluid, and molten salt is used as the heat storage medium. The inlet temperature of the heat transfer oil is 295°C, and the outlet temperature is 395°C. The feed water is heat by the heat transfer oil to become superheated steam and work in the steam turbine. When solar energy is sufficient, one part of the energy of the collector system is sent into the thermal cycle of power generation, another is storage by molten salt for power cycle when the solar energy is poor. When the stored energy is used out, the gas backup can be started to meet the required load. The concentrated solar power system 2 International Journal of Photoenergy adopts the energy conversion form of light-heat-electricity, in which the thermal delay of the system and the heat storage system makes the output power of the concentrated solar power system stable, reduce fluctuation of solar energy, and improve the manageability of renewable energy. Therefore, it is expected that a low-cost manageable output solar power generation system will be established by coupling a low-cost photovoltaic power generation system with a concentrated solar power system that can be used for peaking. The main parameters that affect the energy and economic performance of the system are the collector field area, the storage capacity, the Rankine cycle power, the PV-installed capacity, and the capacity of the battery. In this paper, based on the 30 MW CSP system, the storage capacity, the PVinstalled capacity, and the capacity of the battery are selected as the optimization objects to make the power generation cost of the system minimal.
The main parameters of power block in the design condition are shown in Table 1 .
Model Establishment
Performance analysis of CSP-PV hybrid power system is realized in software Matlab [18] . The simulation model has been simplified. The collector field area, the heat storage capacity, the Rankine cycle power, the PV-installed capacity, and the capacity of the battery are the main design parameters that affect the system performance. The design of the system is optimized in order to find the system structure with the lowest cost of power generation under 3.1. Solar Energy Resources. In this paper, the database of a typical meteorological year is from SAM software [19] and Lhasa (91.13°E 29.67°N) is selected. In this paper, the database of a typical meteorological year is from NREL [20] . The meteorological data include direct normal irradiation (DNI), global horizontal irradiance (GHI), ambient temperature, and wind speed.
Annual DNI and GHI of Lhasa are 1777 kWh/m 2 and 1818 kWh/m 2 , respectively. In Lhasa, the annual variation of GHI is small and the radiation intensity is large, but DNI varies greatly with season changes and the radiation intensity of autumn and winter is higher than that of summer. The variation of solar radiation intensity makes the performance of the system change greatly. Monthly DNI of Lhasa is shown in Figure 2. 3.2. PV Subsystem Model. The PV system model consists of photovoltaic panels which output is rated at 250 W. PV panels are placed at a fixed angle and faced south. According to the equation proposed by Duffle, the effect of PV module temperature change on the power generation performance of the system is considered.
The main parameters of PV panels are shown in Table 2 . The operating temperature (T C ) of PV panels is determined by the rated operating temperature of PV panels (equation (1)).
where T A is the ambient temperature; the ambient temperatures for nominal operating cell temperature
; U L and U L,NOCT is the actual and rated heat transfer factor; η PV is the actual PV panel efficiency, which can be calculated by equation (2) . τα is the transfer absorption factor [21] . The efficiency of PV panels
where η PV,NOM is the nominal efficiency; γ is the temperature factor; T C,REF is the PV module temperature under standard test conditions (25°C).
The output power of PV panels can be calculated using equation (3) . Where n MOD is the number of PV subarray; A MOD is the active area of each PV module, and η INV is the inverter efficiency. A derating factor f PV is finally considered to account for soiling of the panels, wiring losses, shading, snow cover, aging, and other secondary losses.
The use of batteries can make up for difference between PV power generation and energy demand. The energy available for the battery can be described as the charge state "SOC B ", which is the ratio of the stored energy to the rated storage capacity. The battery model can be calculated by the following formula. Where η BC and η BD are the battery efficiencies during charge and discharge processes, respectively. Battery efficiency depends on several operating parameters such as current, SOC, charging and discharging power, and battery lifetime. To simplify the model, a constant efficiency of 94% is assumed as declared by the manufacturer while a nominal Depth-of-discharge (DOD) of 80% is considered (with a minimum SOC of 10% and a maximum SOC of 90%). The PV model is established based on the literature [22] . Rated output power is 30000 kW. The annual power generation of Matlab model is 130690 MWh. The plant electricity rate is defined as the electricity consumed by the power plant itself divided by the gross electricity produced by the power plant. The plant electricity rate is assumed as 2.43% according to statistics of Chinese power generation, then the actual power generation is 127514 MWh. The annual power generation of SAM is 122179 MWh, and the deviation of annual power generation is 4.18%. The reason for the higher power generation in Matlab is that the model ignores few losses of the actual power generation process. The solar input is determined by equation (5):
where A net is the net aperture area of parabolic trough collector, KIA is incident angle correction, f opt is the optical coefficient, f ref is the reflectance efficiency, f trac is the tracking factor, f end is the coefficient to correct end loss effects, f clean is the factor to correct for actual mirror cleanliness, f dust is the factor to correct for dust cover, f tran is the transmissivity factor, and f abs is the coating absorption factor. The main parameters of the CSP station are shown in Table 3 [22] . The hourly operating characteristics analysis of CSP system is based on the meteorological conditions, especially solar radiation and solar location. The heat loss of the collector field is taken into account. The Equinox day of Lhasa, annual average DNI, and annual average temperature is selected as the system design point.
LS-2 collector tube is used as solar collectors, and the row space is 15 m. The heat loss of the collector is affected by DNI, flow of heat transfer oil, ambient temperature, and wind speed. Usually, the impact of wind speed on heat loss can be ignored.
The available heat input depends on the solar heat input, the thermal losses of the receivers, and the field piping, as shown in equations (6) and (7) [23] , where T i and T O are the inlet and outlet temperature of the heat transfer oil. The heat pipe is composed of a loop, and each circuit is connected through a pipe. The heat loss on the pipe is obtained from the empirical formula (8) [23] , where ΔT is the temperature difference between the average temperature of the collector field and the ambient temperature.
The heat storage medium of CSP system is binary molten salt, which composes of 60% NaNO 3 and 40% KNO 3 , and the physical properties are shown in Table 4 [24]. The available energy of the heat storage is obtained by the energy balance of the collector field, the power block, and the heat loss. In this paper, the heat loss of the thermal storage tank is assumed to be 2%. The thermal oil VP-1 is used for heat transfer fluid, which has a wide optimum use range of 12°to 400°C.
The solar thermal energy absorbed by the collectors is stored in the thermal storage system as thermal energy. When the power output from CSP subsystem is needed, the molten salt releases heat and water is heated and turned into steam, making the turbine work. The turbine efficiency is variable and related to the steam mass flow in the offdesign condition. Variation of turbine efficiency under offdesign conditions is considered in power block model. The reduction rate in turbine efficiency can be calculated using [25] , then turbine efficiency can be calculated using equation (10) . The generator efficiency can be calculated using equation (11) The CSP model is established based on the literature [19] and is compared to SAM software simulation results. The annual power generation of the model is 66584.75 MWh, the plant electricity rate is assumed as 5%; then, the actual power generation is 63255.5 MWh. The annual power generation of SAM is 61167.6 MWh, and the deviation of annual power generation is 3.3%. The main reason is that this model is simplified that some of the error is ignored, making the model of the annual power generation higher.
Methodology
4.1. Operation Strategy. Operation strategies of the system can be divided into two modes: prioritize the PV (mode 1) and minimize the turbine shutdown (mode 2). Using mode 1, the PV and the battery is prioritized over the CSP. That is to say that if the PV capacity is large enough to cover the load, it does and the CSP is shut down. The same can be said for the battery, if the battery discharge capacity is large enough to cover the load, it does and the CSP is shut down for the period that the battery discharges. This mode of operation will make the operation and maintenance costs of the system increase and the operating life decrease. However, the CSP must be shut down only if it remains offline for a sufficient amount of time. A turbine hot start can take as long as 1-2 hours. Therefore, in mode 2, the CSP plant will be shut down if it should be shut down for more than 2 hours.
The operation strategy was proposed by combining two modes and was shown in Figure 3 . Where W min,turb is the minimum output of turbine, W set is the rated output of the hybrid system, W CSP and W PV are the real output of CSP system and PV system, respectively, sto and BESS are the energy stored in the storage tank of CSP system and in the battery of PV system, respectively.
There are three operation modes according to the operation strategy.
(1) Energy of PV panels can meet energy demand and PV system runs alone. Exceeded energy is stored in a battery and the collected energy of CSP system is all stored in a storage tank (2) Energy of PV panels cannot meet energy demand, and PV panels and battery are both used for energy generation. The collected energy of CSP system is all stored in a storage tank (3) Energy of PV panels and battery cannot meet energy demand, and PV panels, battery, CSP system, and storage tank are all used for energy generation
Method of Optimization.
Method of optimization adopted in this study is genetic algorithm. The classical optimization algorithm such as linear program and dynamic programming is easy to fall into the local optimal, and it is difficult to solve the global optimal problem. Genetic algorithm is a good way to overcome this shortcoming and is a global optimization algorithm with good convergence. Many scholars use genetic algorithms to optimize the system. The genetic algorithm is used to optimize the heat recovery system of the rotary kiln, and the mathematical relationship between the design parameters and the temperature and heat transfer rate of the heat recovery switch is deduced. The total heat transfer area and the total power consumption is reduced [27] . Gentils et al. optimized the support structure for offshore wind power, along the outer diameter and cross-sectional thickness of the support structure selected as the design variable. Optimizing makes the quality of the support structure reduced by 19.8% [28] . Li et al. used the reservoir as a decision variable to minimize the variance of the power output and maximize the annual power generation which is a goal by the NSGA-II [29] . 
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Genetic algorithm is an optimization method that simulated biological evolution. It is based on the principle of biological evolution and strategy of group optimization through iterative calculation of selection, replication, crossover, mutation, insertion, and migration. It is suitable for solving complex optimization problems [30] . The process of genetic algorithm is shown in Figure 4 .
The process of genetic algorithm is as follows: The fitness function chosen in this paper is LCOE (levelized cost of energy). LCOE is calculated by equation (12) [31]. Where IC CSP and IC PV are the initial investment of CSP power station and PV station, respectively, AC CSP and AC PV are the annual cost of CSP power station and PV station, respectively (operation and maintain cost is included), E CSP and E PV are the output power of CSP system and PV system in the first year, d CSP and d PV are annual decay rate of power generation, i is the interest rate, and N is the lifetime of the system.
where IC CSP and IC PV can be divided into two parts: direct cost and indirect cost. The direct component is the investment associated with the power block (C PB ), solar field (C SF ), piping (C PIP ), storage system (C TES ), salt purchase (C SALT ), and balance of plant (C CSP,BoP ). The indirect component covers all the remaining costs for the upfront investment that are not directly related to the equipment. These costs include the purchase of land (C LAND ) and the engineering, procurement, and construction costs (C EPC , The main economic data is shown in Table 5 [21] . The floor area of CSP power station and PV power station are estimated by literature [32] . The floor area of the PV station whose output is over 20 MW and track by the fixed axis is 7.5 acres/MW, and the floor area of the CSP station is 10 acres/MW.
Case Study
The model is established in Matlab and it can simulate the operating performance of CSP-PV hybrid system. The output power of the CSP power station selected in this study is 30 MW. Input parameters are heat storage capacity, nominal power of PV station, and battery capacity, and output parameters are the output power of a hybrid system and LCOE. Then the model can simulate the daily, monthly, and annual performance of a hybrid system. The output power is 95% of the sum of the nominal power of the CSP and PV station. There is a 5% unmet load demand [21] .
The objective function of optimization is LCOE and variable and their range are shown in Table 6 .
Optimization Based on a Typical Day.
Optimization is based on the operation characteristics of Equinox Day. According to the results of genetic algorithm, when the installed capacity of the CSP power system is 30 MW, the LCOE of the CSP-PV hybrid system reaches the lowest which is 0.0660 $/kWh under the condition that the rated power capacity of PV is 222.462 MW, the battery capacity is 14.687 MWh, and the heat storage capacity is 356.562 MWh. 6 show the comparison between the power generation capacity of PV and concentrated solar power (PV/ CSP) and the actual power generation (WPV/WCSP) in Equinox Day. The "PV" represents the power generated by the PV panels, and "WPV" represents the power output from the PV system after dispatch. The "CSP" represents the concentrated solar power energy, and it is stored in the TES. The "WCSP" is the actual power output from a solar thermal Rankine cycle. This is added in the manuscript. After the sun rises, the output power of the PV system increases as the irradiation intensity increases and reaches the maximum at 11 o'clock. The use of the battery makes the output power of the PV power plant does not change with the solar radiation changes, and the power generation curve tends to be gentle which makes the impact of PV system to reduce the power grid small and ensure that the system can still maintain the rated output power when the solar radiation is reduced. The CSP system generates power after 19 o'clock and maintains the rated power output. The use of the thermal storage system allows CSP system to continue to generate electricity after the sun goes down.
The system output power of Equinox Day is shown in Figure 7 . After the sun rises, the output power of the PV system increases with the increase of solar radiation. The solar radiation intensity is the largest between 11:00 and 18:00, and the operating mode of the system is the power generated by the PV system alone; exceeded energy from the PV system is stored in the battery and the energy of CSP system is all stored in the heat storage tank. At 19 o'clock, the solar radiation is insufficient, the system operating mode changes from the PV alone into a PV system, the battery system and CSP system generate power at the same time, and the excess heat is stored in the thermal storage system. When at 20 o'clock, the sun is completely down without solar radiation, PV and CSP system has no energy source, then the system operating mode was changed into heat storage that generates power alone. In the system, the power of CSP is used to make up the power generation of the PV system, and the output power of CSP system varies with the PV output power. The more stable PV output power curve is makes the response of CSP system better. The use of heat storage in the CSP system allows the CSP system to continue to generate electricity after the sun goes down and to compensate for the lack of power generation in the PV system without solar radiation.
According to the calculation results, annual power generation of CSP-PV hybrid system is 368722 MWh. Where annual power generation of PV system is 288291 MWh, annual utilization hours are 3261 h which is higher than PV-alone system. Annual power generation of CSP system 9 International Journal of Photoenergy is 80431 MWh; annual utilization hours are 2681 h which is lower than the 280 MW solar parabolic thermal power system in Solana; the reason is that the storage hour of Solana is 6 hours and the solar radiation is better. The optimized CSP-PV system combines the advantages of the PV power generation and CSP power generation system, which makes the annual operation hours of the PV system increase and the stability of the PV system operation improve, but the LCOE of the system is only 0.0660 $/KWh, which is lower than the CSP power generation alone.
Optimization
Based on the Whole Year. GHI of Lhasa changes slowly with the seasons, and the DNI in summer and autumn is higher. To optimize the annual operating characteristics of the system based on the operation strategy proposed above. According to the results of genetic algorithm, when the installed capacity of the CSP power system is 30 MW, the LCOE of the CSP-PV hybrid system reaches the lowest which is 0.0555 $/kWh under the condition that the rated power capacity of PV is 242.954 MW, the battery capacity is 8.977 MWh, and the heat storage capacity is 136.059 MWh. The LCOE is lower compared to 
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International Journal of Photoenergy the CSP power generation alone and lower compared to the PV power generation with battery which is to ensure stability of the power output of the system. It can be found in Figures 8 and 9 from the comparative analysis of the power generation capacity and actual power generation that the output power of PV increases with the increase of solar radiation and reaches the rated output power at 11 o'clock when the system output power is no longer changing with the increase of solar radiation. After 14 o'clock, the solar radiation drops, the PV system still maintains the rated output power, and the application of the battery makes the output power fluctuation of the PV system lower. CSP system does not participate in the system power generation in the daytime and generates electricity after 19:00. Heat storage tank makes the CSP system ensure stable power generation when the sun goes down or no sun irradiation.
The output power of the system in Equinox Day is shown in Figure 10 . After the sun rises, the storage tank begins to store energy and the battery stores the excess energy of the PV system. The operation mode of the system that PV operates alone from 11:00 to 18:00 and the exceeded energy is stored in a battery and heat storage tank. When at 19:00, the energy of the PV system is not enough to meet the energy needs, and the system operating mode is converted into the PV, battery, and CSP systems that operate at the same time. After 20:00, the sun has been down the mountain and the battery and the PV system cannot provide energy, then the power is provided by the heat storage tank.
According to the calculation results, annual power generation of the CSP-PV hybrid system is 375695 MWh. Where annual power generation of PV system is 309036 MWh, annual utilization hours are 3201 h which is higher than the PV-alone system. Annual power generation of the CSP system is 66659 MWh; annual utilization hours are 2222 h. It can be found that the use of CSP-PV hybrid system, which CSP system is to make up for the output power fluctuations of PV systems, can be combined with the advantages of both systems to increase annual operating hours of PV systems to reduce the rate of discards and decrease LCOE of the system but also can guarantee stable output. Table 7 . According to the comparison that can be found, the annual power generation of the system which is optimized by the annual operation characteristic is higher and the LCOE is lower. Annual utilization hours of PV and CSP system is lower due to the lower capacity of battery and heat storage tank which makes solar energy abandon more.
The comparative results of optimization of day and year which includes four typical days: Spring Equinox, Summer Solstice, Autumnal Equinox, and Winter Solstice are shown in Figure 11 . It can be seen that the power generation curves of four typical days are basically the same. However, the power generation of Equinox Day is the worst because the solar radiation is poor, and Autumn Day is the best. Therefore, the system optimized with Equinox Day requires more energy storage system and more power generation, but LCOE is also higher in the meantime. The use of optimized CSP-PV system is to generate power at full load in the peak time. This system can be used for intermittent energy power generation compared to the load curve shown in Figure 12 .
The estimated gross to net conversion factor, which means the ratio of on-grid electricity to the generated electricity, influences the results greatly. The estimated gross to net conversion factor is set to be from 85% to 100%, and the results are shown in Table 8 .
As the estimated gross to net conversion factor increases, the annual output power and LCOE of the system are improved. When the annual operating characteristics are optimized, with the increase of the output power, LCOE of the system is reduced. The main reason is that the battery capacity is reduced. The impact of battery capacity on the system is great. The decrease in battery capacity has reduced the number of utilization hours of PV, but it has little effect. 
Conclusion
In this paper, the operation strategy of CSP-PV hybrid system is proposed. Based on this operation strategy, the ratio of PV and CSP in the system is optimized by genetic algorithm, which makes LCOE of the system to a minimum. Through the calculation of this paper, it is found that the increase of PV capacity in the CSP-PV system can reduce the power generation cost of the system; the cost of the battery is high and when the use of batteries will greatly improve the power generation cost of the system; the introduction of the CSP system makes it easy to ensure the stability of the output power of the system in the case of small battery capacity, which greatly improves the annual utilization of the PV and reduces the number of solar discard, but to a certain extent, the utilization efficiency of the CSP system is reduced; the integration of PV and CSP system not only can reduce the power generation cost of CSP system but also can ensure the stability of the output of PV system. When the output power is set to 95% of the sum of the PV-rated output power and the CSP-rated output power, the system is optimized by the operation characteristics of Spring Equinox and the result is as follows: the lowest LCOE is 0.0660 $/kWh, the capacity of PV and CSP system are 222.462 MW and 30 MW, respectively, and the capacity of heat storage and battery are 356.562 MWh and 14.687 MWh. According to the calculation results, annual power generation of the CSP-PV hybrid system is 368722 MW. Where the annual power generation of PV system is 288291 MW, annual utilization hours are 3261 h, and annual power generation of CSP system is 80431 MW, annual utilization hours are 2681 h.
When the system is optimized by the operation characteristics of the whole year, the result is that the lowest LCOE is 0.0555 $/kWh, the capacity of PV and CSP system are 242.954 MW and 30 MW, respectively, and the capacity of heat storage and battery are 136.059 MWh and 8.977 MWh. 
